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Abstract
Motivated by the recent result reported from LHC on the di-photon search for a Stan-
dard Model (SM) Higgs-like boson. We discuss the implications of this possible signal in
the framework of the Inert Higgs Doublet Model (IHDM), taking into account previous
limits from Higgs searches at LEP, the Tevatron and the LHC as well as constraints from
unitarity, vacuum stability and electroweak precision tests. We show that the charged Higgs
contributions can interfere constructively or destructively with the W gauge bosons loops
leading to enhancement or suppression of the di-photon rate with respect to SM rate. We
show also that the invisible decay of the Higgs, if open, could affect the total width of the
SM Higgs boson and therefore suppress the di-photon rate.
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I Introduction
LHC in pp collision at 7 TeV has already delivered a integrated luminosity of more than 5 fb−1.
Based on this delivered integrated luminosity recently ATLAS [1] and CMS [2] have presented
their combined and updated results of SM Higgs boson searches. Both the collaborations at-
tempted to search for the SM Higgs boson in mass range 110-600 GeV, the main channels used
by them for the analysis are :
• ATLAS [1] H → ZZ∗ → 4ℓ and H → γγ with full data set of 4.8 fb−1 and 4.9 fb−1
respectively. Update of H → WW ∗ → ℓνℓν, H → ZZ∗ → 2ℓ2ν, H → ZZ∗ → 2ℓ2q with
2.1 fb−1 . They reported an excess of events around the Higgs mass of 126-127 GeV with
the maximum local significance level of 2.6 σ.
• CMS [2] : H → γγ , H → bb, H → ZZ∗ → 4ℓ, H → 2ℓ2τ at 4.7 fb−1 and H → ττ ,
H → WW ∗ → 2ℓ2ν, H → ZZ∗ → 2ℓ2ν, H → ZZ∗ → 2ℓ2q at 4.6 fb−1 . They reported a
local significance of 2.4 σ around the Higgs mass of 124 GeV.
Note that both CMS and ATLAS report some excess but with lower statistical significance, in
the WW ∗ and ZZ∗ channels. Moreover, from the di-photon channel, ATLAS and CMS have
excluded a SM Higgs in a small portions of this mass range, 114–115 GeV for ATLAS and 127–
131 GeV for CMS, at the 95%C.L.
With 4.9fb−1 datasets using the combined channels, both ATLAS by CMS, have narrowed further
down the mass window for a light SM Higgs, excluding respectively the mass ranges 131–237 GeV
and 251–453 GeV [1], and 127–600 GeV [2] at the 95%C.L.
The effective cross-section of di-photon (γγ) mode can be estimated by inclusive process
σγγ = σ(pp → H)× Br(H → γγ). This (σγγ ) could provide possibly the best mode to search
for light Higgs Boson in mass range 110-140 GeV. ATLAS [3] reported 95% CL exclusion limit
of σγγ/σγγSM ∼ 1.6 − 1.8 in mass range 110-130 GeV. CMS [4] on the other hand reported the
exclusion limit of σγγ/σγγSM ∼ 1.5− 2 in mass range 110-140 GeV.
Dark Matter (DM) and Electroweak Symmetry Breaking (EWSB) are one of the most im-
portant areas of research in particle physics and cosmology. One of the main goal of LHC is to
discover the Higgs Boson and hence provide the information about the EWSB mechanism. A DM
particle is expected to be a weakly interacting massive particle (WIMP) with mass around EWSB
scale. In SM the EWSB is achieved by a Higgs doublet developing a vacuum expectation value
(vev). Inert Higgs Doublet Model (IHDM) is a very simple extension of the SM proposed by Desh-
pande and Ma [5] to explain DM. IHDM is basically a two Higgs Doublet Model with imposed Z2
symmetry. IHDM due to the imposed Z2 symmetry exhibits very interesting phenenomenology.
It predicts the existence of a heavy scalar field as a WIMP candidate. The rich phenomenology
of IHDM had been extensively discussed in the context of DM phenomenology [6, 7], neutrino
mass [8], naturalness [9] and colliders [10, 11].
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In this work we will analyze the effect of IHDM on H → γγ in the light of recent results
on the Higgs Boson searches from LHC. This effect will mainly come from charged Higgs boson
contributions as well as from the total decay width of the Higgs boson in case that the invisible
decay of the Higgs into dark matter is open. We will show in this study that the IHDM can
account for the excess in the di-photon cross-section reported by ATLAS/CMS but it can also
account for a deficit in the di-photon cross-section without modifying the gluon fusion rate as
well as the other channels like h→ bb¯, τ+τ−,WW ∗, ZZ∗.
The paper is organized as follow; In section II we will give the details of the IHDM. Section III
is devoted to theoretical and experimental constraints while in IV we give detail of the evaluation
of h → γγ as well as phenomenological observable at LHC. In section V we will present our
numerical analysis and finally we conclude in section VI.
II Inert Higgs Doublet Model
The Inert Higgs Doublet Model (IHDM) [5] is an extension of the SM Higgs sector that could
provide DM particles. Apart from the SM Higgs doublet H1 it has an additional Higgs doublet
H2. In addition there is a Z2 symmetry under which all the SM fields and H1 are even while
H2 → −H2 under Z2. We further assume that Z2 symmetry is not spontaneously broken i.e. H2
field does not develop vacuum expectation value (vev). These doublets in terms of physical fields
can be parameterized as :
H1 =
(
φ+1
v/
√
2 + (h+ iχ)/
√
2
)
, H2 =
(
φ+2
(S + iA)/
√
2
)
(1)
The Z2 symmetry naturally imposes the flavor conservation. The scalar potential allowed by Z2
symmetry can be written as :
V = µ21|H1|2+µ22|H2|2+λ1|H1|4+λ2|H2|4+λ3|H1|2|H2|2+λ4|H†1H2|2+
λ5
2
{
(H†1H2)
2 + h.c.
}
(2)
The electroweak gauge symmetry is broken by:
〈H1〉 =
(
0
v/
√
2
)
, 〈H2〉 =
(
0
0
)
(3)
This pattern of symmetry breaking ensures unbroken Z2 symmetry and results in two CP even
neutral scalars (h, S) one CP odd neutral scalar (A) in addition to a pair of charged scalars (H±).
There is no mixing between the two doublets and hence h plays the role of the SM Higgs Boson.
Note the remaining Higgs Bosons namely S,A and H± are “inert” and they do not have any
interaction with quarks and leptons. The Z2 symmetry also ensures the stability of the lightest
scalar (S or A) that can act as a dark matter candidate. This aspect has been extensively
analyzed in many works while exploring DM phenomenology of IHDM [6]. The masses of all
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these six scalars can be written in terms of six parameters1 namely
{µ22, λ1, λ2, λ3, λ4, λ5} (4)
It is possible to write the quartic coupling λi in terms of physical scalar masses and µ2 as follow:
λ1 =
m2h
2v2
, λ3 =
2
v2
(
m2H± − µ22
)
, (5)
λ4 =
(
m2S +m
2
A − 2m2H±
)
v2
, λ5 =
(m2S −m2A)
v2
(6)
We are then free to take as 6 independent parameters (λi)i=1,...,5 and µ2 or equivalently the four
physical scalar masses, λ2 and µ2, namely:
{µ22, mh, mS, mA, mH± , λ2} (7)
III Theoretical and experimental constraints
The parameter space of the scalar potential of the IHDM is reduced both by theoretical con-
straints as well as by the results of experimental searches. From the theoretical constraints which
the IHDM is subjected to, the most important are the ones that insure tree-level unitarity and
vacuum stability of the theory:
• Perturbativity : We force the potential to be perturbative by requiring that all quartic
couplings of the scalar potential Eq. (2), obey
|λi| ≤ 8π (8)
• Vacuum Stability : To get a potential V bounded from below we obtain the following
constraints on the IDHM parameters:
λ1,2 > 0 and λ3 + λ4 − |λ5|+ 2
√
λ1λ2 > 0 and λ3 + 2
√
λ1λ2 > 0 (9)
• Unitarity : To constrain the scalar potential parameters of the IHDM one can demand that
tree-level unitarity is preserved in a variety of scattering processes: scalar-scalar scattering,
gauge boson-gauge boson scattering and scalar-gauge boson scattering. We will follow
exactly the technique developed in [12] and therefore we limit ourselves to pure scalar
scattering processes dominated by quartic interactions.
The full set of scalar scattering processes can be expressed as an S matrix 22×22 composed
of 4 submatrices which do not couple with each other due to charge conservation and CP-
invariance [13, 14]. The entries are the quartic couplings which mediate the scattering
processes.
1µ2
1
is constrained by EWSB condition v2 = −µ2
1
/λ1
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The eigenvalues are:
e1,2 = λ3 ± λ4 , e3,4 = λ3 ± λ5 (10)
e5,6 = λ3 + 2λ4 ± 3λ5 , e7,8 = −λ1 − λ2 ±
√
(λ1 − λ2)2 + λ24 (11)
e9,10 = −3λ1 − 3λ2 ±
√
9(λ1 − λ2)2 + (2λ3 + λ4)2 (12)
e11,12 = −λ1 − λ2 ±
√
(λ1 − λ2)2 + λ25 (13)
We impose perturbative unitarity constraint on all ei’s.
|ei| ≤ 8π , ∀ i = 1, ..., 12 (14)
the strongest constraint on λ1,2 comes from e9,10 which gives :
λ1 + λ2 ≤ 8π
3
(15)
• Electro Weak Precision Tests : A common approach to constrain physics beyond SM
is using the global electroweak fit through the oblique S, T and U parameters [15]. In
the SM the EWPT implies a relation between mh and mZ . In this model, there is also a
relation among the masses. It follows from the expression for S and T that:
T =
1
32π2αv2
[
F (m2H±, m
2
A) + F (m
2
H±, m
2
S)− F (m2A, m2S)
]
(16)
and,
S =
1
2π
[
1
6
log(
m2S
m2H±
)− 5
36
+
m2Sm
2
A
3(m2A −m2S)2
+
m4A(m
2
A − 3m2S)
6(m2A −m2S)3
log(
m2A
m2S
)
]
(17)
where the function F is defined by
F (x, y) =
{
x+y
2
− xy
x−y
log(x
y
), x 6= y
0, x = y
(18)
For the purpose of this paper, we will use the PDG values of S and T with U fixed to be
zero [16, 17]. We allow S and T parameters to be within 95% CL. The central value of S
and T , assuming a SM Higgs mass of mHSM = 117 GeV, are given by [16] :
S = 0.03± 0.09, T = 0.07± 0.08 (19)
with a fit correlation of 87%. It appears that when the unitarity constraints and vacuum
stabilities are applied, a bound onmH± may be obtained. Note that we can restore custodial
symmetry in the scalar potential of IHDM by taking m2H± = m
2
A.
5
• Experimental constraints: Here we will discuss the experimental constraints from direct
searches on the masses of the IHDM. In the case of the SM Higgs (h), we can use CMS and
ATLAS constraints discussed in section I when the non SM Higgs decays such as h→ SS,
h → H+H−, h → A0A0 are kinematically forbidden. In the case where one of these
decays is kinematically allowed, it will have a substantial branching ratio. Therefore, it
will suppress the other SM decays and hence one can evade the present constraints on SM
Higgs which are based on conventional SM Higgs decays like h→ bb¯, h→ τ+τ−, h→WW ∗
and h→ ZZ∗. (see Fig. 3).
From the precise measurement of W and Z widths, one can get some constraints on the Higgs
masses by demanding that the decays W± → {SH±, A0H±} and/or Z → {SA0, H+H−}
are forbidden. This leads to the following constraints: mS+mH± > mW , mA+mH± > mW ,
mA +mS > mZ and mH± > mZ/2 [16].
Additional constraints on the charged Higgs H± and CP-odd A0 masses can be derived.
Note that LEP, Tevatron and LHC bounds on H± and A0 can not apply because the
standard search channels assumes that those scalars decays into a pair of fermions which
are absent in the IHDM due to Z2 symmetry. In the IHDM, the charged Higgs H
± can
decay into H± → W±A0 followed by A0 → SZ or H± → W±S. Therefore the decay
product of the production processes e+e−/pp→ H+H−, e+e−/pp→ SA0 would be missing
energy and multi-leptons or multi-jets depending on the decay product of W and Z. Such
signature would be similar to some extent to the supersymmetric searches for charginos and
neutralinos at e+e− or at hadron colliders [11]. Taking into account those considerations,
we will assume that mH± > 70 GeV (see [11] for more details).
IV h→ γγ in IHDM
It is well known that for the SM Higgs searches, the low mass mH ∈ [110, 140] GeV, is the
most challenging for LHC searches. In this low mass region, the main search is through the
di-photons which can be complemented by the τ+τ− mode and potentially with the bb¯ mode,
while the WW ∗, ZZ∗ channels are already competitive in the upper edge (130–140 GeV) of this
mass range [18].
The SM predictions for the one-loop induced h → γγ have been worked out since many
years [19]. It is well known that the SM rate for h → γγ is dominated by the W loops and the
branching ratio of this channel is of the order of 2× 10−3. Several studies have been carried out
looking for large loop effects beyond SM. Such large effects can be found in various extensions of
the SM, such as the Minimal Supersymmetric Standard Model (MSSM) [20], the Next-to-MSSM
[21], the two Higgs Doublet Model [22–24], the little Higgs models [25], extra-dimensions [26]
and in models with triplet Higgs [27].
In the IHDM, the partial width of h → γγ receives an additional contribution from the
charged Higgs boson loop which can both lower and raise the width compared to the SM. It can
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be expressed as [28]:
Γ(h→ γγ) = α
2GFm
2
h
128
√
2π3
∣∣∣∣∑
i
NciQ
2
iFi + ghH±H∓
m2W
m2H±
F0(τH±)
∣∣∣∣
2
, (20)
where Nci, Qi are the color factor and the electric charge respectively for a particle i running in
the loop. The dimensionless loop factors for particles of spin given in the subscript are:
F1 = 2 + 3τ + 3τ(2− τ)f(τ), F1/2 = −2τ [1 + (1− τ)f(τ)], F0 = τ [1− τf(τ)], (21)
with
f(τ) =
{
[sin−1(1/
√
τ )]2, τ ≥ 1
−1
4
[ln(η+/η−)− iπ]2, τ < 1
(22)
and
τi = 4m
2
i /m
2
h, η± = 1±
√
1− τ . (23)
In Eq. (20), the coupling ghH±H∓ is given by
ghH±H∓ = −2 i mW sW
e
λ3 = − i e
2sWmW
(m2H± − µ22) (24)
It is clear from the above Eq. (24), the coupling of the SM higgs boson to a pair of charged
Higgs is completely fixed by λ3 parameter. As we will see later, the sign of λ3 will play an
important role in the evaluation of the partial width of h→ γγ.
More important than the branching ratios, however, is the total cross-section of σγγh = σ(pp→
h→ γγ), since that is what is measured at the collider. The largest contribution to the production
cross-section for this observable σγγh is through gluon fusion, gg → h→ γγ. For phenomenological
purpose, we define the ratio of the di-photon cross section normalized to SM rate as follow:
Rγγ =
σγγh
σγγhSM
=
σ(gg → h)× Br(h→ γγ)
σ(gg → h)SM × Br(h→ γγ)SM =
Br(h→ γγ)
Br(h→ γγ)SM (25)
Where we have used the narrow width approximation in the first line of Eq. (25) while we have
used the fact that σ(gg → h) is the same both in the IHDM and SM. One conclude that the
ratio Rγγ in the IHDM depend only on the branching ratio of h → γγ. In the evaluation of the
branching ratios, we use for the total decay widths the following expressions:
ΓSMh =
∑
f=τ,b,c
Γ(h→ ff) + Γ(h→WW ∗) + Γ(h→ ZZ∗) + Γ(h→ gg) + Γ(h→ γγ) (26)
ΓIHDMh = Γ
SM
h +
∑
Φ=S,A,H±
Γ(h→ ΦΦ) (27)
where the expressions for the scalar decay widths are taken from [28]. Note that the decays
h→ SS, h→ A0A0 and h→ H±H∓ might be or not kinematically open. In the case where the
Dark matter particle is lighter than mh/2, the decay h→ SS is open and could give substantial
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contribution to the total width of the Higgs. For future use, we give here the analytical expression
for hSS coupling in the IHDM:
ghSS = −2 i mW sW
e
λL = − i e
sWmW
(m2S − µ22) (28)
which is proportional to (m2S − µ22), with λL = λ3 + λ4 + λ5.
V Numerical results
Before presenting our numerical results we would like to point out that in Ref. [22] h→ γγ has
been studied in 2HDM type I as well as in the IHDM. But, Ref. [22] only focused on the parameter
space region where only SM decays namely h→ τ+τ−, bb¯, cc¯,W+W−, ZZ, γγ, gg decays of the SM
Higgs are kinematically allowed. In this case, the total width of the Higgs boson is the same in SM
and in IHDM and therefore our ratio Rγγ given in Eq. (25) reduce to: Γ(h→ γγ)/Γ(h→ γγ)SM
defined in Ref. [22]. Our results agree with the results given in [22]. In the case where h→ SS is
open, the ratio Γ(h → γγ)/Γ(h→ γγ)SM is not the appropriate one to be compared with CMS
and ATLAS data but rather the ratio of branching ratio as defined in Eq. (25). Moreover, as
we will show, in our study we discuss the effect of all parameters that have some impact on the
ratio Rγγ like charged Higgs mass, dark matter particle mass as well as the sign of the coupling
hH±H∓. We will also comment on constraints coming from WIMP relic density.
As shown in Fig. 3 we can have a very interesting situation of evading the LHC bounds on SM
Higgs in the case where the invisible decay of Higgs (h → SS) is kinematically allowed. This
issue will be discussed in details in forthcoming work [29].
In our numerical analysis, we perform a systematic scan over the parameter space of the
IHDM. We vary the IHDM parameters in the range
110GeV ≤ mh ≤ 150GeV
5GeV ≤ mS ≤ 150GeV
70GeV ≤ mH± ,mA ≤ 1000GeV,
−500GeV ≤ µ2 ≤ 500GeV,
0 ≤ λ2 ≤ 8π (29)
In addition we have imposed mS < mA and mS < mH± and mS < mh. This mass hierarchy
ensures that mS could be the WIMP DM candidate. These values cover essentially the entire
physically interesting range of parameters in the IHDM. For SM Higgs (h) we have specifically
chosen a range where h → γγ could be a important channel (light Higgs Boson mass) and
the region that shows some deviations from SM as reported in recent LHC results [3], [4]. We
have imposed the theoretical constraints mentioned above as well as constraints form oblique
parameters S and T .
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In addition, we would like to stress in passing that the coupling hSS, which is proportional to
λL = λ3 + λ4 + λ5 (see Eq. (28)), is an important piece for the calculation of the WIMP relic
density [7]. It has been show in [7], that with light Higgs boson mh ∼ 120 GeV and mS ∼ 60–80
GeV a relic density would be consistent with experimental data for |λL| < 0.2. In the following
numerical analysis, with low Higgs mass 115–140 GeV, we will impose rather conservative limit
on |λL| < 0.5. With all the above constraints discussed, we get the following limits: λ2 < 4π/3,
mH±, mA < 700 GeV and |µ2| < 200 GeV. In all plots, the coding color are: red (•) and blue
(•) dots in scatter plots shown in Figures 1, 2, 4,5 represents Rγγ < 1 and Rγγ > 1 respectively.
In Figure. 1, we show the allowed region in the (mA, mH±) (left panel) and (mS, mH±) (right
panel). The perturbativity and vacuum stability constraints together dramatically reduce the
allowed parameter space of the model. In particular, the perturbativity and vacuum stability
constraints excludes a large values of charged Higgs mass mH± and CP-odd mass mA while
EWPT measurement constraint mainly the splitting between the scalar masses. Accordingly, an
enhancement in Rγγ is possible for relatively light charged Higgs mass.
In the right panel of Figure. 1 we shown the scatter plot in (µ2, λ3) space. As can be seen again
from this figure the enhancement in Rγγ is possible only for negative values of λ3. Note that the
plots are symmetric under µ2 → −µ2.
m
H
±  
(G
eV
)
mA (GeV)
 100
 200
 300
 400
 500
 600
 700
 100  200  300  400  500  600  700
λ 3
µ2 (GeV)
-0.5
 0
 0.5
 1
 1.5
-200 -150 -100 -50  0  50  100  150  200
Figure 1: The allowed parameter space in the (mA, mH±) plane (left panel) and (mµ, λ2) plane
(right panel) taking into account theoretical and experimental constraints. The red dots (•)
represent Rγγ < 1 and blue dots (•) represent Rγγ > 1.
In Fig. (2), we illustrate Rγγ as a function of |λL| < 0.5 which is the main parameter con-
tributing to the WIMP relic density calculation. For large and negative λL one can see that Rγγ
can reach 1.6 while for large and positive λL, Rγγ can be of the order 0.7. It is clear from this plot
that even for small |λL| < 0.2, which might be needed to accommodate WIMP relic density [7],
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we still have both cases with Rγγ < 1 and > 1.
R
γγ
λL
 0.6
 0.8
 1
 1.2
 1.4
 1.6
-0.4 -0.2  0  0.2  0.4
Figure 2: Rγγ as a function of λL with the range of parameters as given in Eq. (29).
As discussed in section.I due the presence of Z2 symmetry in IHDM the lightest Higgs boson
will be a stable particle. With the spectrum we have chosen the lightest Z2 odd Higgs Boson is
the neutral scalar S and hence SM Higgs will be having an invisible decay mode namely h→ SS.
For illustration, in Figure. 3, we have fixed mh = 125 GeV and shown the branching ratios as a
function of µ2 for mS = 60 GeV (left plot) and mS = 75 GeV (right plot). In the left panel of
Figure. 3, with mS = 60 GeV, the invisible decay h → SS is open and dominate over all other
SM decays except around µ2 ∼ mS where the coupling hSS which is proportional to (m2S − µ22)
(Eq. 28) gets suppressed and hence the situation becomes similar to SM. In the case where
h→ SS dominate, the partial width of h→ SS contribute significantly to the total width of the
Higgs which becomes substantial resulting in a suppression of the Br(h → γγ) which is always
smaller than its SM value. For |µ2| ∼ mS, the Br(h → γγ) can reach the full SM value. We
can observe from Figure. 3 (left) that the branching fraction of the invisible decay of SM Higgs
(h → SS) could be very large resulting on a suppression of the other modes such as bb¯, WW ,
ZZ and τ+τ− and hence one can evade the present experimental constraints on the SM Higgs
mass based on WW , ZZ and τ+τ−. We will discuss this in future work [29]. The invisible decay
of SM Higgs could evade some of the constraints on SM Higgs Boson this has been extensively
studied in many phenomenological studies [30].
In the right panel of Figure. 3, we take mS = 75 GeV and then the decay h→ SS is close. In
this case, the total decay width of the Higgs boson is similar in both SM and IHDM. Therefore,
the partial decay width Γ(h→ γγ) will receive only smooth variation through the charged Higgs
contribution. So that an enhancement of the branching ratio Br(h→ γγ) with up to a factor of
2 over the SM is possible. In fact, in our parameterization of IHDM given in Eq. (7), λ3 is fixed
by the charged Higgs mass and µ2 parameter through Eq. (6). The sign of λ3 is then completely
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fixed by the sign of m2H± − µ22. Hence, for small |µ2| < mH± , the sign of λ3 is positive. In this
case, the charged Higgs contribution to Γ(h → γγ) is totally destructive with the SM. While
for large |µ2| > mH±, λ3 becomes negative and the charged Higgs contribution to Γ(h → γγ)
becomes constructive with SM and gets substantial enhancement.
10-4
10-3
10-2
10-1
100
-200-150-100 -50  0  50  100  150  200
B
R
(h)
µ2(GeV)
bb
WW
ZZ cc
γγ
	τ	τ
mS = 75GeV
10-4
10-3
10-2
10-1
100
-200-150-100 -50  0  50  100  150  200
B
R
(h)
µ2(GeV)
SS
bb
WW
cc
ZZ
γγ
	τ	τ
mS = 60GeV
Figure 3: Branching ratio of Higgs boson h as a function of µ2 (GeV) in the IHDM with mS = 60
GeV (left panel) and mS = 75 GeV (right panel). We have chosen mh = 125 GeV and have
varied other parameters in range 70 < mH±, mA < 1000, 0 < λ2 < 8π, −500 < µ2 < 500.
In Fig. 4 (left panel) we have shown Rγγ as a function of λ3. The other parameters are taken
as specified in Eq. (29). As can be seen from the left plot, as seen previously, IHDM can increase
the value of Rγγ (> 1) only for negative values of λ3 where the charged Higgs contribution is
constructive with the W loops. For positive λ3, the charged Higgs contribution is destructive
with the W loops resulting in a suppression of h→ γγ rate.
The dependence of Rγγ on the charged Higgs mass is illustrated in the right panel of Figure.4.
The variation of Rγγ as a function of mH± scales almost like 1/m
2
H±. Varying mH± between 70
GeV and 190 GeV results in dramatic change of Rγγ from 1.5 to 1. We stress that even for light
charged Higgs mH± ∈ [70, 190] GeV, we could have Rγγ < 1. This could be due to the possible
opening of the invisible decay h→ SS which could reduce significantly the branching fraction of
h→ γγ or to the fact that µ2 is rather small making λ3 positive.
Note that if we relax the constraint on λL discussed above, we can get large λ3 in the following
range: λ3 ∈ [−1.5, 2]. A large and negative λ3 ∼ −1.5 would give a constructive charged Higgs
contribution with the W loops and therefore amplify Rγγ which can reach 1.6–2.2 for light charged
Higgs ∼ 70− 100 GeV.
In Fig. 5, we show Rγγ as a function of mS and µ2. From Figure. 5 (left panel) one can
observe that an enhancement compared to SM value in Rγγ is only possible for mS > mh/2 while
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Figure 4: Range of values of Rγγ accessible in the IHD model as a function of λ3 (left) and mH± .
for mS < mh/2 a suppression of Rγγ is guaranteed. Similarly one can observe that Rγγ can be
enhanced with respect to SM value for relatively large value of µ2 while for small |µ2| < 70 GeV
Rγγ is suppressed.
VI Conclusions
To summarize, in this work we study h → γγ in the IHDM by imposing vacuum stability,
perturbativity, unitarity and precision electroweak measurements. We have shown that within
the allowed range of the IHDM model h → γγ could show substantial deviation from the SM
result. Hence the observation of Higgs boson in h → γγ could help us in constraining the
parameter space of the model. We have also shown that observation of Rγγ > 1 or < 1 could
rule out a large portion of the allowed parameter space of IHDM.
Taking into account all the constraints defined in section III there is an upper bound on mH±
and mA as evident from Figure 1 (left panel). This bound essentially comes from Unitarity of
the model. If the CMS and ATLAS excess in the di-photon channel is confirmed with more data,
having Rγγ > 1 would favor the following scenarios:
• λ3 < 0, i.e |µ2| > mH±
• Charged Higgs Boson mass (mH±) will be bounded (. 200 GeV).
On the other hand, if with more data we have Rγγ < 1 this scenario would favor either a light
DM particle mS < mh/2 such that h→ SS is open and/or a positive λ3 i.e. mH± > |µ2|.
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Figure 5: Range of values of Rγγ accessible in the IHD model as a function of λ3 (left) and mH± .
The parameter space are the same as in Figure 1.
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